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The effects of acute occlusion of the left anterior de•
scending coronary artery on regional blood flow (mi•
crospheres) to the remote bed supplied by either an un•
stenosed or a stenosed circumflex coronary artery were 
assessed during tbe infusion of intravenous nitroglycerin 
in 11 open chest barbiturate-anesthetized mongrel dogs. 
Left anterior descending coronary artery occlusion 
in the presence of an unstenosed left circumflex artery 
during nitroglycerin infusion caused systolic aortic and 
distal circumflex pressure to decrease significantly from 
98 :!: 4 to 91 :!: 3 and from 99 :!: 4 to 92 :!: 3 mm Hg, 
respectively. Remote circumflex bed flow was un•
changed. The infusion of intravenous nitroglycerin in 
the presence of a left circumflex stenosis (gradient 31 :!: 
3 mm Hg) reduced systolic aortic and distal circumflex 
pressure to 98 :!: 2 (p = 0.001) and 71 :!: 4 mm Hg (p 
= 0.001), respectively, and lowered remote circumflex 
bed endocardial flow from 1.00 :!: 0.08 to 0.79 :!: 0.07 
Nitroglycerin is frequently administered to patients with 
acute myocardial infarction or unstable angina pectoris, It 
is proposed that nitroglycerin exerts its benefits in patients 
with coronary artery disease by 1) lowering ventricular fill•
ing pressure (I), 2) dilating conductance coronary arteries 
(2,3), 3) enhancing collateral blood flow (4-6), 4) dilating 
the coronary stenosis (2), and 5) reducing afterload (1). 
There have been several studies (7-9) suggesting a decrease 
in infarct size in humans. 
Investigations of the effects of nitroglycerin infusion dur•
ing experimental myocardial infarction in animals have gen•
erally been performed in one-vessel occlusion models; one 
coronary artery is acutely occluded with all other vessels 
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ml/min per g (p = 0.001). When the left anterior de•
scending coronary artery was occluded under these con•
ditions, systolic aortic and distal left circumflex pressure 
decreased to 89 :!: 3 (p = 0.005) and 62 :!: 4 mm Hg 
(p = 0.08), respectively. Remote circumflex artery bed 
endocardial and transmural flow were significantly re•
duced to 0.58 ± 0.07 (p = 0.01) and 0.65 ± 0.07 ml/min 
per g (p = 0.03), respectively. The decrease in circum•
flex artery bed endocardial flow after left anterior de•
scending coronary artery occlusion was related directly 
to the change in distal circumflex artery pressure and 
inversely to the change in circumflex stenosis resistance 
(regression analysis). 
These results suggest that modest hypotension re•
sulting from the infusion of nitroglycerin at the time of 
acute coronary occlusion may have adverse effects on 
flow to remote myocardium supplied by a stenosed vessel. 
(J Am Coli CardioI1985;6:856-63) 
remaining fully patent. Patients with acute myocardial in•
farction frequently have multivessel coronary artery disease 
(l 0,11). Some of these patients, particularly those who are 
volume depleted and have a low ventricular filling pressure, 
might respond adversely or show little improvement with 
nitroglycerin. This might occur if lowering of arterial per•
fusion pressure secondary to the systemic vasodilator effect 
of the drug results in the appearance or worsening of myo•
cardial ischemia in the remote artery bed perfused by a 
vessel with a critical stenosis. This effect would not be 
expected with nitroglycerin administration under conditions 
of single vessel occlusion. 
We previously showed, in an open chest anesthetized 
dog preparation (12), that in the presence of a circumflex 
coronary artery stenosis, posterior myocardial blood flow 
decreases significantly after acute left anterior descending 
coronary artery occlusion. Such occlusion in the presence 
of a moderate left circumflex artery stenosis (gradient of 
approximately 30 mm Hg) caused a 9% decrease in posterior 
bed endocardial flow, whereas in the presence of a more 
severe left circumflex artery stenosis (approximately 50 mm 
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Hg gradient), it caused a 32% decrease in endocardial flow 
to the bed supplied by the stenosed left circumflex artery. 
Stepwise regression analysis suggested that the decrease in 
posterior wall endocardial flow was related to the decrease 
in distal left circumflex artery pressure and the increase in 
circumflex stenosis resistance that occurred at the time of 
acute left anterior descending artery occlusion. 
If blood flow distal to a stenosed coronary vessel is di•
rectly related to driving pressure, then interventions that 
lower distal perfusion pressure further would be expected 
to lower regional myocardial blood flow to the bed of the 
stenosed vessel, particularly to subendocardial layers. Ac•
cordingly, the purpose of this study was to determine if 
nitroglycerin-induced systemic hypotension that reduced 
systolic arterial pressure to the range of 90 mm Hg would 
adversely affect regional myocardial blood flow to the re•
mote posterior myocardial bed supplied by a stenosed left 
circumflex coronary artery at the time of acute left anterior 
descending coronary artery occlusion. 
Methods 
Experimental preparation. Experiments were per•
formed in II healthy mongrel dogs (28 ± 2 kg, range 20 
to 45) that were anesthetized with pentobarbital sodium (25 
mg/kg body weight). Additional doses of barbiturate were 
given as needed throughout the experiment. Dogs were in•
tubated and ventilated by a positive pressure respirator (Har•
vard Apparatus). Arterial blood gases were monitored and 
adjusted as necessary to maintain the arterial partial pressure 
of oxygen and pH in the normal range. 
Cannulas were placed in both femoral arteries for with•
drawal of arterial samples for determination of myocardial 
blood flow by the microsphere technique, and in one femoral 
vein for the infusion of fluids and nitroglycerin. A thora•
cotomy was performed in the fifth left intercostal space, and 
the pericardium opened. The proximal portion of the left 
circumflex coronary artery was isolated and fitted with a 
saline-filled hydraulic stenoser 5 mm in length, an appro•
priately sized electromagnetic flow probe proximal to the 
stenoser and a snare distal to both the electromagnetic flow 
meter probe and hydraulic stenoser. A 22 gauge catheter 
was inserted into the left circumflex coronary artery distal 
to the hydraulic stenoser to measure distal left circumflex 
coronary artery pressure. The left anterior descending coro•
nary artery was isolated just distal to the first large diagonal 
branch and fitted with a snare. A cannula was introduced 
into the left atrium and a second cannula was advanced into 
the descending aorta, for constant recording of arterial pres•
sure. Strain gauge pressure transducers were calibrated at 
the beginning of each experiment and positioned at the level 
of the left atrium to measure left atrial, central aortic and 
distal left circumflex coronary artery pressures. Zero flow 
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for calibration of the electromagnetic flowmeter was deter•
mined throughout each experiment by brief left circumflex 
coronary artery occlusions. 
Determination of regional blood flow. Regional myo•
cardial blood flow was determined by injecting I to 2 x 
106 radiolabeled 8 to lOlL microspheres (cerium-141, tin-
113, ruthenium-l 03, niobium-95, and scandium-46) (New 
England Nuclear) into the left atrium. The microspheres 
were diluted to a volume of 3 to 5 ml with normal saline 
solution containing 0.01 % of polysorbate (Tween) 80. Be•
fore each injection, the microspheres were vigorously agi•
tated by injecting them back and forth between two 6 ml 
syringes connected by a three-way stopcock. Microscopic 
examination revealed that this method resulted in excellent 
dispersion of the microspheres. Duplicate withdrawals from 
the two femoral artery catheters were begun just before 
injection of the microspheres and continued for a total of 
90 seconds. 
At the end of each experiment, the left ventricle and 
septum were separated from the remainder of the heart, 
trimmed of epicardial fat and vessels and divided into four 
layers from base to apex. Each layer was cut into eight 
transmural segments. Each segment was subdivided into 
epicardial, mid-wall and endocardial sections. The resulting 
96 samples were weighed and counted, along with the du•
plicate withdrawals and pure samples, for 500 seconds in a 
Packard Gamma Scintillation Counter. 
Myocardial blood flow was calculated by using the equa•
tion: Qm = (Cm x Qr)/C" where Qm = myocardial blood 
flow (mllmin), Cm = tissue counts (counts/min), Qr = 
withdrawal rate of arterial sample (mllmin) and Cr = counts 
in reference arterial sample (counts/min) (13). Flow per 
gram of tissue was calculated by dividing blood flow by 
sample weight. Isotope separation and flow calculations were 
performed on a DEC PDP-l 1/44 computer. 
Experimental protocol. In brief, the protocol consisted 
of measuring hemodynamics and regional myocardial blood 
flow during the infusion of nitroglycerin, before and after 
left anterior descending coronary artery occlusion, in the 
presence of either an unstenosed or a stenosed left circumflex 
coronary artery. 
In II dogs, the hydraulic stenoser was inflated such that 
the reactive hyperemic response to a 10 second left circum•
flex coronary artery occlusion was greatly ablated, but blood 
flow at rest was not lowered. (Mean peak circumflex flow 
measured by electromagnetic flowmeter after release of the 
occlusion was 1.1 ± 0.3 times greater than flow before 
occlusion.) When distal left circumflex coronary artery pres•
sure and left circumflex coronary artery flow by the elec•
tromagnetic flowmeter were found stable, hemodynamic 
measurements were made and the first set of microspheres 
was administered. Hemodynamic measurements included 
the determination of the left circumflex coronary stenosis 
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gradient (mean aortic pressure - mean distal left circumflex 
artery pressure) and stenosis resistance (stenosis gradient 
divided by mean left circumflex flow measured by the elec•
tromagnetic flowmeter). An infusion of nitroglycerin was 
begun, and the dose titrated so that mean aortic pressure 
was lowered by approximately 25 mm Hg. The mean in•
fusion rate was 85 ± 23 /-tg/kg per min. When pressure 
had stabilized, hemodynamic measurements were repeated 
and the second set of microspheres was administered. The 
left anterior descending coronary artery was acutely oc•
cluded and 75 seconds later, hemodynamics and regional 
myocardial blood flow were measured again. The snare on 
the left anterior descending coronary artery and the left 
circumflex coronary artery stenosis were removed and the 
nitroglycerin infusion was discontinued. 
In 5 of the 11 dogs, measurements of regional myocardial 
blood flow and hemodynamics were also made during ni•
troglycerin infusion in the presence of an unstenosed left 
circumflex coronary artery, before and after acute left an•
terior descending coronary artery occlusion. The nitroglyc•
erin infusion was titrated to lower aortic pressure by an 
amount similar to that observed with nitroglycerin infusion 
in the presence of a stenosed circumflex artery. In two of 
the five dogs, left anterior descending coronary artery oc•
clusion in the presence of a stenosed circumflex coronary 
artery was performed first and, after a return to baseline, 
followed by left anterior descending artery occlusion in the 
presence of an unstenosed circumflex artery. In three dogs, 
the order was reversed. The time between the two phases 
averaged 59 ± 6 minutes. There were no significant dif•
ferences in control hemodynamic measurements recorded 
before the first phase compared with those recorded before 
the second phase. 
At the end of the experiment, each dog was killed by 
inducing ventricular fibrillation by transient electrical stim•
uli to the right ventricular free wall. The heart was then 
excised and a suspension of India ink was injected into the 
circumflex coronary artery just distal to the stenosis. The 
heart was then prepared as described earlier. 
Definition of flow regions. Myocardium dyed by India 
ink after circumflex coronary artery injection was defined 
as myocardium perfused by the left circumflex artery. The 
central left circumflex coronary artery region was therefore 
defined as those transmural segments in the center of the 
dyed region. The central left anterior descending coronary 
artery region was composed of anterior transmural segments 
in which endocardial flow was reduced to 5% or less of 
flow to the posterior wall endocardium during left anterior 
descending artery occlusion and nitroglycerin infusion with 
the left circumflex artery patent. 
In addition to the defined left anterior descending coro•
nary artery and circumflex coronary artery areas distal to 
the occluders, a myocardial region supplied by the circum-
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flex coronary artery and the left anterior descending coro•
nary artery, or both, but proximal to the sites of instru•
mentation of these vessels, and by the septal artery, was 
defined. This zone was designated as the normal region and 
was characterized as having flow values of more than 90% 
of control values after transient circumflex artery and left 
anterior descending artery occlusions. 
Endocardial and epicardial flows were determined for 
each defined region by weight averaging the respective flows 
for each myocardial segment in the region. Transmural flow 
values were also determined by summing the unweighted 
flows in each of the three samples (endocardial, mid-wall 
and epicardial) and dividing this sum by the aggregate weight 
of the three samples. The endocardial/epicardial flow ratio 
was determined for each region by dividing the average 
endocardial flow by the average epicardial flow for the same 
region. 
Statistical analysis. Values are expressed as mean ± 
standard error of the mean. Paired t testing was used to 
determine if the changes before and after left anterior de•
scending coronary artery occlusion in the presence of an 
unstenosed left circumflex artery were statistically signifi•
cant. Analysis of covariance was used to compare the effects 
of intravenous nitroglycerin and left anterior descending 
coronary artery occlusions in dogs with a left circumflex 
artery stenosis. Differences were considered significant at 
a p level of 0.05 or less. Regression analysis was used to 
assess the effects of distal left circumflex coronary artery 
pressure and circumflex artery stenosis resistance on en•
docardial flow to the left circumflex artery bed. 
Results 
Nitroglycerin infusion during left anterior descending 
coronary occlusion in the absence of a stenosed circum•
flex artery. Hemodynamics in five dogs before the infusion 
of nitroglycerin in the presence of an unstenosed left cir•
cumflex coronary artery and with a patent left anterior de•
scending coronary artery are shown in Table 1. The infusion 
of nitroglycerin caused mean central aortic pressure to de•
crease to 82 ± 2 mm Hg. Nitroglycerin was infused for 
10.2 ± 0.9 minutes to achieve the desired decrease in 
pressure, and pressure was constant for 4.8 ± 0.7 minutes 
before microsphere infusion. 
With the circumflex coronary artery unstenosed, acute 
left anterior descending coronary artery occlusion during 
nitroglycerin infusion reduced mean central aortic pressure 
to 74 ± 2 mm Hg (p = 0.015) (Table 1). Left anterior 
descending coronary artery occlusion during nitroglycerin 
infusion with the circumflex artery unstenosed did not sig•
nificantly alter regional flow to the central region supplied 
by the circumflex artery or the normal region (Table 2). 
Transmural flow in the center of the left anterior descending 
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Table 1. Hemodynamic Effects of Left Anterior Descending Coronary Artery Occlusion in the 
Presence of an Unstenosed Left Circumflex Coronary Artery, Before and During Nitroglycerin 
Infusion in Five Dogs 
IV Nitroglycerin Infusion 
Control LAD Patent LAD Occluded 
HR (beats/min) 123 ± II 131 ± 9 133 ± 10 
LAP (mm Hg) 4 ± I 2 ± 2 2 ± I 
AoP (mm Hg) 
Systolic 123 ± 5 98 ± 4 91 ± 3* 
Diastolic 89 ± 4 72 ± I 66 ± 2* 
Mean 107 ± 5 82 ± 2 74 ± 2* 
LCP (mm Hg) 
Systolic 119 ± 3 99 ± 4 92 ± 3* 
Diastolic 90 ± 3 74 ± 2 65 ± 2 
Mean 107 ± 2 83 ± 2 73 ± 2* 
LCF (ml/min) 66 ± 6 59 ± 11 60 ± 10 
Values are mean ± SEM; *p :s 0.05 versus patent left anterior descending coronary artery; AoP = aortic 
pressure; HR = heart rate; IV = intravenous; LAD = left anterior descending coronary artery; LAP = left 
atrial pressure; LCF = left circumflex flow measured with an electromagnetic flowmeter; LCP = distal left 
circumflex pressure. 
coronary bed decreased from 0.74 ± 0.10 to 0.05 ± 0.02 
mIl min per g after occlusion of this vessel. 
Nitroglycerin infusion during left anterior descending 
artery occlusion in the presence of a stenosed circumflex 
artery. Hemodynamic measurements obtained after instru•
mentation and before left circumflex coronary artery stenosis 
and nitroglycerin infusion are shown in Table 3. Establish•
ment of the circumflex artery stenosis resulted in a 31 ± 3 
mm Hg gradient. The circumflex artery stenosis did not 
significantly alter posterior wall flow at rest. 
Intravenous nitroglycerin in the presence of the circum•
flex coronary artery stenosis with a patent left anterior de•
scending artery lowered mean central aortic pressure from 
108 ± 3 to 81 ± 2 mm Hg (p < 0.0002). Nitroglycerin 
was infused for 11.6 ± 1.6 minutes to achieve the desired 
decrease in aortic pressure, and pressure was constant for 
an additional 4.0 ± 0.4 minutes before microsphere injec•
tion. Mean distal circumflex coronary artery pressure de•
creased from 77 ± 2 to 53 ± 4 mm Hg (p < 0.0002). 
Mean circumflex flow by electromagnetic flowmeter tended 
to decrease (63 ± 6 to 55 ± 6 mIl min) but this decrease 
was not statistically significant (p = 0.08). As shown in 
Table 4, endocardial flow to the central circumflex artery 
region decreased from 1.00 ± 0.08 to 0.79 ± 0.07 mllmin 
per g (p = 0.001) during nitroglycerin infusion with the 
left anterior descending artery patent. Regional flow to the 
normal region was unchanged by the infusion of nitroglyc•
erin (Table 4). 
Occlusion of the left anterior descending artery during 
nitroglycerin infusion in the presence of the circumflex ar•
tery stenosis was associated with a further decrease in mean 
central aortic pressure (81 ± 2 to 75 ± 2 mm Hg, p = 
Table 2. Effects of Left Anterior Descending Coronary Artery Occlusion on Regional 
Myocardial Blood Flow During Nitroglycerin Infusion in the Absence of Left Circumflex 
Coronary Artery Stenosis in Five Dogs 
Myocardial Blood Flow 
(mllmin per g) 
Normal region (mlimin per g) 
Endocardium 
Epicardium 
Transmural 
Endo/Epi ratio 
Central circumflex region 
Endocardium 
Epicardium 
Transmural 
Endo/Epi ratio 
IV Nitroglycerin Infusion 
Control LAD Occluded 
0.82 ± 0.11 0.92 ± 0.12 
0.70 ± 0.08 0.73 ± 0.09 
0.78 ± 0.09 0.84 ± 0.11 
1.17 ± 0.03 1.26 ± 0.05 
0.86 ± 0.10 0.90 ± 0.10 
0.80 ± 0.12 0.85 ± 0.13 
0.82 ± 0.11 0.86 ± 0.12 
l.11 ± 0.06 1.08 ± 0.06 
Values are mean ± SEM; *p :s 0.05 versus control; Endo = endocardium; Epi epicardium; other 
abbreviations as in Table I. 
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Table 3. Hemodynamics During Left Anterior Descending Coronary Artery Occlusion in the 
Presence of a Stenosed Left Circumflex Coronary Artery, Before and During Nitroglycerin 
Infusion in 11 Dogs 
IV Nitroglycerin Infusion 
LAD 
LAD Patent, LAD Patent, Occluded, 
Control LCx Stenosed LCx Stenosed LCx Stenosed 
HR (beats/min) 123 ± II 127 ± 7 133 ± 10 135 ± 7 
LAP (mm Hg) 5 ± 5 ± 1 3 ± 1* 4 ± 1 
AoP (mm Hg) 
Systolic 123 ± 4 128 ± 5 98 ± 2* 89 ± 3t 
Diastolic 93 ± 5 95 ± 4 72 ± 3* 67 ± 3 
Mean 106 ± 4 108 ± 3 81 ± 2* 75 ± 2t 
LCP (mm Hg) 
Systolic 117 ± 4 104 ± 3 71 ± 4* 62 ± 4 
Diastolic 90 ± 4 58 ± 3 37 ± 3* 31 ± 2 
Mean 104 ± 4 77 ± 2 53 ± 4* 46 ± 4t 
LCF (ml!min) 63 ± 8 63 ± 6 55 ± 6 53 ± 6 
LCx St grad (mm Hg) 2 ± I 31 ± 3 28 ± 4 30 ± 3 
LCx St res 0.04 ± 0.02 0.53 ± 0.Q7 0.55 ± 0.09 0.66 ± 0.13 
Values are mean ± SEM. *p oS 0.05 versus patent left anterior descending coronary artery/stenosed left 
circumflex coronary artery (LCx); tp oS 0.05 versus patent left anterior descending coronary artery/stenosed 
left circumflex coronary artery/intravenous (IV) nitroglycerin. grad = gradient; res = resistance; St = stenosis; 
other abbreviations as in Table I. 
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0.003) and mean distal circumflex artery pressure (53 ± 4 
to 46 ± 4 mm Hg, p = 0.04) (Table 4). Systolic aortic 
pressure decreased to 89 ± 3 mm Hg. Microsphere-deter•
mined endocardial flow to the central left circumflex bed 
also decreased significantly from 0.79 ± 0.07 to 0.58 ± 
0.07 mllmin per g (p = 0.01) after left anterior descending 
coronary artery occlusion. Transmural flow to the circum•
flex bed after left anterior descending artery occlusion de•
creased significantly from 0.80 ± 0.07 to 0.65 ± 0.07 
mllmin per g (p = 0.03) (Table 4). Regression analysis 
showed a significant relation between the change in distal 
circumflex artery pressure that occurred when the left an•
terior descending coronary artery was occluded, in the pres•
ence of the circumflex artery stenosis, and endocardial flow 
to the central left circumflex artery bed (T = 2.98, P = 
0.015). Although left anterior descending artery occlusion 
in the presence of the circumflex artery stenosis and nitro•
glycerin infusion did not result in an increase in mean cir•
cumflex artery stenosis resistance, regression analysis showed 
that endocardial flow to the circumflex artery bed was in•
versely related to circumflex stenosis resistance (T = - 3.32, 
P < 0.01). 
Table 4. Effects of Left Anterior Descending Coronary Artery Occlusion on Regional 
Myocardial Blood Flow During Nitroglycerin Infusion in the Presence of a Stenosed Left 
Circumflex Coronary Artery in 11 Dogs 
Regional 
IV Nitroglycerin Infusion 
Blood Flow LAD Occluded, 
(ml!min per g) LCx Stenosed LCx Stenosed LCx Stenosed 
Normal region 
Endocardium 1.03 ± 0.10 0.90 ± 0.10 0.96 ± 0.11 
Epicardium 0.78 ± 0.11 0.77 ± 0.10 0.74 ± 0.10 
Transmural 0.92 ± 0.11 0.85 ± 0.10 0.85 ± 0.10 
Endo/Epi ratio 1.40 ± 0.10 1.20 ± 0.05 1.34 ± 0.05* 
Central circumflex region 
Endocardium 1.00 ± 0.08 0.79 ± 0.07* 0.58 ± 0.07t 
Epicardium 0.84 ± 0.09 0.80 ± 0.10 0.73 ± 0.09 
Transmural 0.93 ± 0.09 0.80 ± 0.Q7 0.65 ± 0.07t 
Endo/Epi ratio 1.23 ± 0.05 1.05 ± 0.08* 0.81 ± 0.09 
Values are mean ± SEM; *p oS 0.05 versus left circumflex coronary artery stenosis; tp oS 0.05 versus left 
circumflex coronary artery stenosis/intravenous nitroglycerin. Abbreviations as in Table 2. 
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In contrast, despite moderate systemic hypotension, en•
docardial flow to the normal region did not decrease when 
the left anterior descending artery was occluded during ni•
troglycerin infusion. Normal region endocardial flow was 
65% higher than endocardial flow in the circumflex artery 
bed during nitroglycerin infusion after left anterior descend•
ing coronary artery occlusion in the presence of a circumflex 
coronary artery stenosis (0.96 ± 0.11 versus 0.58 ± 0.07 
mllmin per g). 
Regional myocardial blood flow to the central left an•
terior descending coronary artery region during nitroglyc•
erin infusion was significantly reduced from 0.86 ± 0.l3 
to 0.05 ± 0.01 mllmin per g. 
Discussion 
Effects of nitroglycerin on myocardial blood flow. 
Although numerous investigators have studied the effects 
of nitroglycerin on blood flow to myocardium supplied by 
stenosed or occluded coronary arteries, very little is known 
about the effects of nitroglycerin on blood flow to myocar•
dium remote from the acutely occluded bed, and supplied 
by another coronary artery. The effects of agents on blood 
flow to this remote myocardial bed are potentially important, 
since this region must compensate for the decreased function 
occurring in the zone of infarction. When supplied by patent 
unstenosed vessels, compensatory increases in function and 
flow can occur. However, remote myocardium supplied by 
a stenosed coronary artery may not be able to exhibit ap•
propriate compensatory increases in flow and function. The 
effects of pharmacologic agents on such myocardial zones 
may be qualitatively different from those of the same agent 
on myocardium distal to the occluded coronary artery. In 
our present experiments, the purpose was to examine the 
effects of nitroglycerin infusion on remote myocardium sup•
plied by a stenosed coronary artery at the time of occlusion 
of a second coronary artery. These experiments demon•
strated that left anterior descending artery occlusion during 
nitroglycerin infusion is associated with a significant de•
crease in flow to the remote circumflex bed. Flow to normal 
myocardium supplied by a patent coronary artery did not 
decrease during left anterior descending artery occlusion. 
Mechanisms of diminished remote myocardial blood 
flow. There are several possible explanations for the di•
minished remote posterior bed flow. Mean distal circumflex 
artery pressure decreased significantly (from 53 ± 4 to 46 
± 5 mm Hg) after left anterior descending artery occlusion. 
In this range, flow is pressure dependent (14). Regression 
analysis of our data showed a direct relation between pos•
terior endocardial flow and distal circumflex pressure, sug•
gesting that the decrease in flow was related to the decrease 
in perfusion pressure. In a previous study (12) we also 
showed a similar relation between perfusion pressure and 
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flow to a remote myocardial bed supplied by a stenosed 
vessel. 
A reduction in circumflex artery distending pressure oc•
curring with the decrease in aortic and circumflex pressure 
at the time of left anterior descending artery occlusion has 
been shown (15) to increase stenosis resistance by allowing 
passive narrowing of the stenosis. Although we did not note 
a significant increase in stenosis resistance after left anterior 
descending artery occlusion, regression analysis showed a 
significant inverse relation between the decrease in endo•
cardial flow to the remote posterior bed and the stenosis 
resistance. 
A third possible mechanism for the decrease in posterior 
bed remote myocardial flow after left anterior descending 
artery occlusion is coronary steal. Collateral vessels arising 
from the circumflex coronary artery distal to the stenosis 
could conduct blood flow away from the circumflex bed to 
the acutely ischemic anterior bed. Supporting this mecha•
nism is the observation from these experiments that circum•
flex flow measured by electromagnetic flowmeter did not 
decrease after left anterior descending artery occlusion, al•
though transmural myocardial flow to the circumflex bed as 
measured by microspheres did decrease. Nitroglycerin, which 
has been shown in some studies (4-6) to dilate coronary 
collateral vessels, may have facilitated this diversion of 
blood flow. 
Finally, intercoronary reflexes could decrease flow distal 
to the coronary stenosis. Such a reflex could be initiated 
by coronary occlusion. Feldman et al. (16) showed that the 
reactive hyperemic response to occlusion of a stenosed coro•
nary artery is reduced when a second coronary artery is 
occluded, despite maintenance of a similar heart rate and 
blood pressure. They postulated that an intercoronary reflex 
in which coronary occlusion resulted in increased sympa•
thetic discharge could explain this finding. 
Role of nitroglycerin in myocardial infarction. 
Several prior studies have suggested that intravenous nitro•
glycerin is of benefit in the setting of unstable angina (17,18) 
or myocardial infarction (7-9). Not all studies (19) have 
shown a reduction in infarct size with nitroglycerin infused 
soon after hospital admission. The beneficial action of the 
drug is usually attributed to its effect on enhancing blood 
flow to the bed of the ischemic myocardium in the distri•
bution of the occluded vessel, increasing collateral flow and 
to a decrease in left ventricular end-diastolic volume and 
pressure thereby reducing myocardial oxygen requirements. 
At high doses, nitroglycerin lowers systemic arterial pres•
sure, resulting in a decrease in afterload that causes a de•
crease in oxygen demand. However, too great a decrease 
in arterial pressure might be detrimental because coronary 
perfusion pressure would be adversely affected. In addition, 
the baroreceptor-induced increase in heart rate occurring 
with low arterial pressure would increase oxygen demand. 
Jugdutt (20) showed that nitroglycerin increased myocardial 
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salvage after coronary artery occlusion in dogs. The amount 
of myocardium that was salvaged was greatest when nitro•
glycerin lowered mean aortic pressure by approximately 
10%; higher doses of nitroglycerin that caused a greater 
decrease in aortic pressure did not salvage as much 
myocardium. 
Clinical implications. In two clinical trials (21,22) in 
patients with acute myocardial infarction, the effects of ni•
troglycerin were compared with the effects of nitroglycerin 
in combination with phenylephrine in a dose that maintained 
arterial pressure constant. Net changes in summed ST el•
evation were used to assess drug effect in both studies. Borer 
et al. (21) showed that the maintenance of arterial pressure 
by the addition of the alpha-adrenergic agonist was bene•
ficial, whereas Come et al. (22) demonstrated more benefit 
with nitroglycerin in a dose that lowered mean arterial pres•
sure to 85 ± 6 mm Hg than with nitroglycerin plus phen•
ylephrine. These studies again focused on the effects of 
arterial pressure on the ischemic bed. Excessive lowering 
of arterial pressure by nitroglycerin might limit not only 
blood flow to the infarcted bed through collateral vessels 
but also flow to remote myocardium supplied by a stenosed 
coronary artery. Likewise, excessive increases in heart rate 
could adversely affect the remote myocardium by increasing 
oxygen demand when supply was limited. 
Although our experiments did not focus on the ischemic 
bed blood flow, our findings do suggest that in the setting 
of nitroglycerin infusion and the resulting relative systemic 
hypotension to a level of 89 mm Hg in systolic arterial blood 
pressure, blood flow to remote myocardium distal to a ste•
nosis is compromised. It is possible that the difference in 
effects of nitroglycerin with or without an alpha-adrenergic 
agonist are related to the presence or absence of multivessel 
coronary artery disease. Patients with multivessel disease 
might be more susceptible to relative hypotension in that 
the remote myocardium supplied by stenosed coronary ar•
teries would be at greater risk from relative hypotension. 
Potential limitations of the study. These experiments 
were performed in an acute open chest anesthetized canine 
model in which collateral vessels were undeveloped. Blood 
flow measurements were made within minutes of coronary 
artery occlusion. Left atrial pressure in these animals was 
in the range of 4 to 6 mm Hg, a level lower than that noted 
in patients with myocardial infarction. Thus, extrapolation 
to the clinical situation must be done cautiously. Nonethe•
less, these experiments show that in assessing the effects 
of a pharmacologic agent, one must consider the effects of 
that agent not only on myocardium supplied by the occluded 
vessel, but also on other myocardium, especially that sup•
plied by other patent but stenosed vessels. Hypotension may 
have deleterious effects on myocardium in the bed of the 
occluded artery; in addition, it may have equally bad effects 
on remote myocardium supplied by a second stenosed coro•
nary artery. 
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We assessed only one dose of nitroglycerin in each dog 
and determined the effects of left anterior descending oc•
clusion in the presence of a left circumflex stenosis. Also, 
it is possible that quantitatively different results would have 
been obtained had the left circumflex artery been occluded 
in the presence of a left anterior descending artery stenosis 
and had a full dose-response curve for nitroglycerin been 
generated. 
The degree of hypotension obtained was moderately se•
vere. However, even after left anterior descending artery 
occlusion in the presence of nitroglycerin infusion, the av•
erage systolic pressure was approximately 90 mm Hg and 
the mean aortic diastolic pressure was 67 ± 3 mm Hg. It 
has been recommended that in patients with acute myo•
cardial infarction that the aortic diastolic pressure be kept 
above 60 mm Hg (23). In our experiments, the mean arterial 
diastolic pressure was above this level. 
In these studies we did not attempt to measure oxygen 
demand. It is possible that the decreased flow noted in the 
left circumflex coronary artery bed distal to the stenosis did 
not represent ischemia, but simply was indicative of the 
decreased oxygen demand occurring at a time when arterial 
pressure was decreased. However, in the setting of left 
anterior descending artery occlusion and nitroglycerin in•
fusion, myocardial flow to a normal region supplied by 
patent unstenosed vessels was 65% higher than flow to the 
remote circumflex bed. This would suggest the presence of 
at least relative ischemia in the remote bed. 
Conclusion. This study shows that nitroglycerin infu•
sion when associated with mild hypotension can cause a 
decrease in remote blood flow in a myocardial region sup•
plied by a stenotic coronary artery when a second coronary 
artery is acutely occluded. These findings may have clinical 
significance in patients receiving intravenous nitroglycerin 
during acute myocardial infarction in the setting of multi•
vessel coronary artery disease. 
We gratefully acknowledge the secretarial assistance of Elizabeth Howk 
and Holly Spicer. 
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